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Abstract
To achieve the stabilization of organic matter in was-
tewaters treatment, it is not only significant to es-
tablish the microbial growth kinetics, but also the 
interrelation of the removal of nutrients such as ni-
trogen, given the similitude of coefficients, specific 
growth rate and the adjustments for water temperatu-
re, which represents it for both the removal of organic 
matter as well as for the nitrification and denitrifica-
tion processes present in the biological wastewaters 
treatment. Therefore, this theoretic similitude be-
tween microbial growth kinetics and nitrogen remo-
val processes constitutes concise considerations for 
the dimensioning process of wastewater biological 
treatment systems, which contribute in the unders-
tanding of the simultaneous process of removing or-
ganic matter and nutrients from raw wastewater.
Keywords: organic matter, nitrogen, wastewater, 
wastewater treatment.
Resumen
Para la estabilización de la materia orgánica en el 
tratamiento de las aguas residuales no solo es sig-
nificativo establecer la cinética de crecimiento mi-
crobiano sino la interrelación de la remoción de 
nutrientes como el nitrógeno, dada la similitud de 
coeficientes, tasa de crecimiento específica y los 
ajustes por temperatura del agua, que lo representa 
tanto para la remoción de la materia orgánica como 
para los procesos de nitrificación y denitrificación 
presentes en el tratamiento biológico de las aguas 
residuales. Por ello, esta similitud teórica de las ci-
néticas de crecimiento microbiano y de los procesos 
de remoción de nitrógeno constituye consideracio-
nes concisas para el proceso de dimensionamiento 
de sistemas de tratamiento biológicos de tratamiento 
de aguas residuales, que ayudan a entender el pro-
ceso simultáneo de remover materia orgánica y nu-
trientes del agua residual cruda.
Palabras clave: agua residual, materia orgánica, ni-
trógeno, tratamiento de aguas residuals.
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INTRODUCTION
The composition of raw or untreated wastewa-
ter may vary depending on the eating habits, the 
economic and industrial activity and the socioe-
conomic environment of the populations and ge-
nerally the composition may have organic matter 
compounds (BOD, COD, TOC). However, orga-
nic matter in wastewaters is highly heterogeneous, 
containing substances with different molecular 
weights, ranging from simple to very complex 
polymers (Krzeminski, 2012) and the rate of de-
gradation or the rate of reduction of organic matter 
and specific substances may vary according to fac-
tors that proportionally affect the stabilization of 
organic matter. Within the context of wastewater 
treatment engineering, the decomposition of orga-
nic matter may be adequately described as the loss 
of biomass or the loss of activity through the ac-
tivation of microorganisms degraders of the same 
(Manser, 2006). In contrast to the above, the bio-
mass activities, and the concentration of microbial 
products can be analyzed through aerobic growth 
kinetics for the stabilization of organic matter in ae-
robic biological reactors (Sabia, 2013), and through 
them, the activated sludge models have the purpo-
se of modeling the concentrations of nutrients and 
not the number and conditions of the microorga-
nisms (Chiavola, 2014). The application of aerobic 
microbian growth kinetics in the design of reactors 
for the stabilization of organic matter, requires a 
balance between the steady state approach and the 
unidimensional approach, which are widely used 
and implemented in the design of the aerobic bio-
logical treatment of municipal wastewaters (Eld-
yasti, 2012). The Monod type equations have been 
widely used to describe the kinetics of aerobic de-
gradation. Up to now, very few studies have been 
conducted to determine the optimum kinetic va-
lues in aerobic treatment (Günay, 2013, Chiavola, 
2014, Pomiès, 2013 and Cosenza, 2014); as well 
as the similitude of the kinetics for the stabilization 
of organic matter and the stabilization of the nitro-
gen present in wastewaters.
Due to the above, the treatment of wastewater 
using biological technologies presents a large va-
riety of reactors and special configurations for the 
stabilization of biodegradable organic compounds 
as a fraction of total organic matter, suspended 
solids, nitrogen and phosphorus among others 
(Rodríguez, 2012). Special care shall be given to 
having an adequate nutritional balance among the 
input substrate (affluent), the microbian consor-
tium and the nutritional and energy requirements 
inside the reactor tank; hence, the importance of 
establishing kinetic coefficients in order to know 
the velocity of the biological reaction of the mi-
crobian consortium and its rapid or slow stabiliza-
tion of the organic compounds present in the raw 
wastewater. Accordingly, this study presents the 
considerations of comparison and similitude of the 
aerobic biological growth kinetics for the stabili-
zation of organic matter and the removal of nitro-
gen in the treatment of wastewater, in terms of the 
criteria germane to the coefficients and equations 
that represent the biological event within the re-
actors applied in the management of wastewaters.
BIOLOGICAL KINETICS FOR THE 
STABILIZATION OF ORGANIC MATTER
The composition of wastewater comprises subs-
trates of multicomponents (Crittenden, 2005) (in 
many cases, the carbon source is the substrate, 
but an inorganic nutrient, an aminoacid, vitamin 
or any other compound necessary for cellular syn-
thesis may be referred to as a substrate in particu-
lar cases), namely, a mix of compounds that can 
be reported as BOD o COD o TOC (APHA, 1989) 
and each of these components are present in the 
water in different concentrations and are removed 
in accordance with an order of kinetics, at different 
velocities though, it could happen that to the ex-
tent that a substrate (growth limiting nutrient) de-
creases, the velocity of removal decreases in the 
same proportion, originating an inflexion point in 
a removal curve. The kinetic phenomena and the 
stoichiometry of the removal of the substrate, the 
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growth of the biomass and the consumption of oxy-
gen are a fundamental and explicative base of the 
processes involved in the treatment of wastewaters 
(Nodal, 2001 and Rodríguez, 2013). Meaning that 
the study of the kinetics determines the velocity at 
which the microorganism degrades a specific resi-
due, which provides the necessary basic informa-
tion to determine the adequate size of the aerobic 
biological, anaerobic or hybrid reactors (Romero, 
2004). In all treatment systems, it is indispensable 
to control the environmental conditions to ensu-
re an optimum environment for the development 
of the microorganisms, but additionally, sufficient 
time of permanence is required for these to repro-
duce, such time of permanence is directly related 
to the growth rate and the velocity at which they 
degrade the substrate, which leads to the calcula-
tion of the kinetic coefficients.
The knowledge of the stabilization of organic 
matter in the treatment of wastewaters is represen-
ted through the description of microbian growth, 
and the most widely used method is the Monod 
method (Eckenfelder, 2000, Droste 1997 and Gil, 
2005) which relates microbian growth with the li-
miting substrate, that is, describes the growth dy-
namics of a bacterial culture, limited solely by the 
concentration of substrate (Eweis, 1999) which is 
highly dependable on the temperature of water, 
pH, nutrients and the type of microbian consor-
tium present, which can be expressed as follows 
(Crites, 2000, Metcalf & Eddy, 2003, Eweis, 1999 
and Ferrer, 2008).
  ൌ ெ௔௫ כ ܵܭ௦ ൅ ܵ     (1)
Where µ is the growth rate (h-1); Max is the maxi-
mum growth rate (h-1); KS is the saturation coe-
fficient (mg/L) and S is the concentration of the 
substrate (mg/L). The above indicates that if S >> 
KS, the growth rate shall be approximately equal 
to µMax. The values of KS in the stabilization of or-
ganic matter indicate a high affinity of the micro-
bian consortium with the affluent substrate, which 
shows that the growth rate is generally present for 
a slightly lower concentration of affluent substrate, 
but if the concentration of the affluent substrate is 
diluted, the growth rate takes a tendency towards 
zero. In addition to the above, if there is an effect 
of the concentration of the substrate over the speci-
fic growth rate, the following equation is obtained, 
taking into account that the biological growth co-
rresponds to a first order reaction with a concen-
tration of active biomass   μ    , as follows 
(Crites, 2000, Metcalf & Eddy, 2003, Eweis, 1999 
and Ferrer, 2008).
 ݎ௚ ൌ
ெ௔௫ כ ܺ כ ܵ
ܭௌ ൅ ܵ    (2)
Where rg is the bacterial growth rate or veloci-
ty of growth of the microorganisms (mg/L * h), X is 
the concentration of biomass (mg/L). When a subs-
tantial growth of microorganisms is present, their 
extinction can be considered negligible, during 
the exponential growth stage; thereby, a part of the 
substrate transforms into new cells and the other is 
oxidized (Crites, 2000 y Metcalf & Eddy, 2003) and 
the relationship between the degree of utilization 
of the substrate and the rate of growth is as follows.
 ݎ௚ ൌ െܻ כ ݎௌ௎ ൌ െݎ௚ܻ     (3)
Where Y is the coefficient of maximum produc-
tion (mass of cells produced mg and the mass of 
the substrate consumed mg); rSU is the rate of utili-
zation of the substrate (mg/L * h) or the quantity of 
contaminant eliminated. The above may be consi-
dered through the expression of Lawrence and Mc 
Carty (Orozco A., 2005).
 ݎௌ௎ ൌ
െெ௔௫ כ ܺ כ ܵ
ܻ כ ሺܭௌ ൅ ܵሻ    (4)
The expression above can be applied to low con-
centrations of substrate, presenting a zero order mo-
del, in some cases, having the opportunity of changing 
the model to first order, if there is a high concentra-
tion of substrate in the affluent. But if  
μ
 , then 
the following is established (Crites, 2000, Metcalf & 
Eddy, 2003, Eweis, 1999 and Ferrer, 2008).
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 ݎௌ௎ ൌ െ݇ כ ܵ כ ܺܭௌ ൅ ܵ    (5)
Where k is the maximum rate of utilization of 
the substrate (h-1). Another special consideration is 
endogenous metabolism, which represents that not 
all the cells of the microbian consortium are in ex-
ponential growth, reason why there should be a co-
rrection of the energy required for the expense of 
stabilization of the organic matter and can be ex-
pressed as follows: (Eweis, 1999 and Ferrer, 2008).
 ݎௗ ൌ െ݇ௗ כ ܺ   (6)
Where rd is the endogenous decay rate (mg/L * 
h); kd is the coefficient of endogenous decay (h
-1). 
Consequently, the net growth rate (rg).
 ��´ �
��� � � � �
�� � � � �� � � � �� � ��� � ��    (7)
It should be clarified that these biological re-
action velocity rates shall be corrected to the tem-
perature of water to be treated (Crites, 2000 and 
Metcalf & Eddy, 2003), given that this is an in-
fluencing factor in the stabilization of the orga-
nic matter, which can be expressed as follows: 
    θ  , where rT is the rate of reaction 
at the indicated temperature, r20 is the rate of reac-
tion at 20 °C, θ is the coefficient of activity of the 
temperature (if the temperature of the water is be-
tween 5 and 15 °C then θ is 1.11, but if the tempe-
rature of the water is between 15 and 30 °C then 
θ is 1.047 (Gil, 1998) and T is the temperature of 
water (°C).
Other expressions of the biological growth ki-
netics may be: Orozco’s (2005) equation for the 
net rate of soluble substrate removal, with limita-
tion of substrate, as follows:
  
�d�
X ∗ dT �
��∗�
�
����
�
  . (8)
In addition of the equations of Eckenfelder and 
McKinney (Eckenfelder W., 2000) for starvation, as 
follows: ���� � � ∗ � ∗ � y 
��
�� � � ∗ �� ∗
�
�   respecti-
vely. On the other hand, there are equations such 
as that of Contonis, which is applied to growth 
with limited substrate and high concentrations of 
biomass, that is, sufficient enzymes are present for 
the reaction to continue without limitation and the 
equation is:
  ൌ ಾೌೣכௌ௄಴כ௑ାௌ,  , (9)
where Kc is Contonis’ constant (Orozco, 2005). In 
addition to the above, there are also other expres-
sions that were developed to describe the growth 
of the microorganisms and the stabilization of the 
substrate, as follows:
: , , 
 ,  
(Crites, 2000, Metcalf & Eddy, 2003 and Eckenfel-
der, 2000).
The equations above present kinetic coeffi-
cients, which can vary in accordance with the type 
of wastewater or liquid waste, reason why table 1 
presents the optimum values and ranges for each 
of the kinetic coefficients shown in the aforemen-
tioned equations, according to different authors, 
which are applicable to the aerobic biological 
treatment at a water temperature of 20 °C (Orham, 
1994; Mandt, 1982; Pearson, 1999; Lawrence, 
1970; Mara, 1997; San, 1992; Horan, 1990; Ferrer, 
2008; Droste, 1997; Rich, 1973 and Gil, 1998).
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BIOLOGICAL KINETICS FOR THE 
REMOVAL OF NITROGEN
A large percentage of the nitrogen present in raw 
wastewaters is found as ammoniacal nitrogen or 
organic nitrogen (Metcalf & Eddy, 2003; Zalakain, 
2010), which can be soluble or particulate. The 
biological transformation and elimination are ex-
pressed in two stages, one of Nitrification and the 
other known as Denitrification (Escaler, 2001).
The first stage known as Nitrification, whe-
re ammoniacal nitrogen is oxidized into nitri-
tes, and these in turn into nitrates, requiring 4.57 
grams of oxygen per each gram of ammoniacal 
nitrogen (Hatzicontantinou, 2002) and this stage 
generally occurs after the carbonaceous demand 
for oxygen is satisfied, although the oxidation of 
carbonaceous and nitrogenous matters may occur 
simultaneously. (Liu, 2000). The efficiency of the 
nitrification process depends on the specific velo-
city of nitrification (Henze, 2002), which in turn is 
established by the following factors: a) dissolved 
oxygen, b) temperature, c) pH (adequate between 
7.2 and 8.5), d) the ratio DBO5/NTK, and e) the 
presence of inhibitor and toxic substances (Droste, 
1997; Metcalf & Eddy, 2003; Lee, 2002; Randa-
ll, 1992; Holakoo, 2005; Jenicek, 2004 and Keller, 
2001). The kinetic expressions involved in this sta-
ge are given by the equation that interrelates cell 
growth and the elimination of ammonium, in func-
tion of the growth of autotroph organisms through 
the Monod equation (Gil, 1998; Ferrer, 2008; Met-
calf & Eddy, 2003; Crites, 2000; Orozco, 2005 and 
EPA, 1975), both in the nitrosomonas phase and in 
the nitrobacter, as follows.
  ൌ ெ௔௫ כ ܰܭே ൅ ܰ    (10)
Where µ is the growth rate of the microorga-
nisms (h-1), µMax is the maximum growth rate (h
-1), 
KN is the coefficient of semi-saturation for nitro-
gen (mg/L) and N is the concentration of substrate 
(mg/L N). On the other hand, the oxidation rate 
of ammonium can be: ݍெ௔௫ ൌ
ெ௔௫
ேܻ
   Although the 
kinetics of the nitrosomonas presents the following 
(Park, 2008): 
��
�� � �� ∗
�� � ���
��  , where YN is the 
yield coefficient of nitrificant substances (mg VSS/
mg N – NH4). The nitrification process, according 
to the stoichiometric equations, indicates that the 
reaction of NH4 to NO2 is too slow due to the re-
duced velocity of the nitrosomonas to convert the 
NO2 (Orozco, 2005) in comparison with the velo-
city of the nitrobacter, reason why the expression 
for the nitrification rate can be
 ே ൌ
ெ௔௫ே כ ܰ
ܭே ൅ ܰ    (11)
Where µN is the growth rate of the nitrosomonas 
(h-1), µMax is the maximum growth rate (h
-1), KN is the 
semi-saturation coefficient for nitrogen (mg/L) and N 
is the concentration of the substrate (mg/L N – NH4). 
At the same time, the velocity of ammonium utiliza-
tion can be expressed as follows: (Ferrer, 2008).
 ��� �
��� ∗ �� ∗ ��
�� ∗ ���� � ���    (12)
Where rNH is the velocity of ammonium utiliza-
tion (g N – NH4/ m
3 day), µMA is the specific velocity 
of growth of autotroph bacteria (d-1), YA is the maxi-
mum production coefficient (g VSS/g N – NH4), XA 
is the concentration of autotroph microorganisms 
(g COD/m3). The above can be expressed through 
the rate of growth as follows (Park J., 2008).
 
��
�� � � ∗
��
�� �
���� ∗ � ∗ ��
�� ∗ ��� � ��    (13)
On the other hand, endogenous respiration du-
ring nitrification can be expressed as follows (Park, 
2008), very similar to endogenous respiration of 
the organic matter.
 ݀ܰ݀ܶ ൌ െܾே כ ஺ܺ   (14)
Where bN is the coefficient of endogenous de-
cay by nitrosomonas (d-1), in some cases may be 
at 20 °C and take a value between 0.04 a 0.24 d-1. 
Also the specific rate of nitrification can be (Park, 
2008): ܭ ൌ ܭெ כ ܰܭே ൅ ܰ , where K is the specific rate of 
Theoretic similitude of the aerobic biological growth kinetics for the stabilization of organic matter in wastewaters treatmen
roDríguez miranDa, J. p., garCía ubaque, C. a., & garCía vaCa, m. C.
Tecnura • p-ISSN: 0123-921X • e-ISSN: 2248-7638 • Vol. 19 No. 44 • Abril - Junio 2015 • pp. 145-156
[ 151 ]
nitrification (mg N/mg VSS day), N is the concen-
tration of nitrogen (mg N – NH4/L) which can be 
between 0 and 70 mg/L; KM is the ratio µMaxN/YN , 
where YN can be 0.05 and 0.10 mg VSS/mg N and 
µMaxN can be between 0.30 and 0.65 d
-1. Within the 
factors influencing nitrification there can be correc-
tions for water temperature, pH, DBO5/TKN, oxy-
gen dissolved at the job site, as follows (Park, 2008; 
Metcalf & Eddy, 2003; Crites, 2000 and EPA, 1975).
Adjustments for water temperature:
 ����� � �������� ∗ 1.123�������   (15)
 ே௧ ൌ ெ௔௫ேଶ଴ι஼ כ ݁଴Ǥ଴ଽ଼כሺ்ೈିଵହሻ   (16)
 ே௧ ൌ ͲǤͶ͹ כ ݁଴Ǥ଴ଽ଼כሺ்ೈିଵହሻ   (17)
 ��� � ������ ∗ 1.123�������   (18)
 ܭே௧ ൌ ͳͲ଴Ǥ଴ହଵכሺ்ೈିଵǤଵହ଼ሻ   (19)
 ��� � ������ ∗ 1.029�������   (20)
Adjustments for the pH of water, where it was 
observed that the maximum nitrification rate oc-
curs at pH values ranging from 7.2 to 9.0, and the 
general application can be:
 ே ൌ ெ௔௫ே כ ൫ͳ െ ͲǤͺ͵͵ כ ሺ͹Ǥʹ െ ݌ܪሻ൯   (21)
For 7.2 < pH < 8.5
 ெ௔௫௣ு ൌ ே௣ு଻Ǥଶ     (22)
 ܭே௣ு ൌ ܭே௣ு଻Ǥଶ   (23)
For 5.0 < pH < 7.2
 ����� � ����.� ∗ 2.35�����.��   (24)
 ���� � �����.� ∗ 2.35��.�����   (25)
Where µNpH7.2 can be 0.33 d
-1, KNpH7.2 can be 1.0 
d-1. The adjustments for the concentration of dis-
solved oxygen, which affects the specific velocity 
of growth of the nitrificant organisms, and the ex-
pression can be:
 ேை஽ ൌ
ெ௔௫ே כ ܱܦ
ܭை஽ ൅ ܱܦ     (26)
Where TW is the temperature of water (°C), DO 
is the concentration of oxygen dissolved in the 
water (mg/L) and whose minimum concentration 
should be 2 mg/L, KOD is the constant of medium 
saturation (mg/L) which can be between 0.3 and 
2 mg/L. And the adjustments for the ratio DBO5/
TKN, is due to the presence of a fraction of nitri-
ficant organisms present in the liquor mixed and 
that can be expressed as follows:
 �� � 0.�6 ∗ �0.6 ∗ ������ � 0.�6 ∗ �    (27)
Even though there are equations that interrelate 
the aforementioned factors, such as:
EPA Method:
 �� � �������� ∗ ������∗������� ∗ �
��
��� � ��� ∗ �� � ����� ∗ ���� � ����     (28)
If pH < 7.2 for nitrosomonas is valid temperatures between 8 and 30 °C:
�� � ���� ∗ ������∗������� ∗ � ��������� ∗ �� � ����� ∗ ���� � ���� ∗ �
�
����������∗���������      (29)
South African Method:
If the pH < 7.2
 �� � �������� ∗ 1.123������� ∗ 2.35�����.�� ∗ �
��
��� � ���    (30)
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If the pH is between 7.2 and 8.5
 ே௧ ൌ ெ௔௫ேଶ଴ι஼    (31)
On the other hand, the growth rate for hetero-
trophic organisms in the nitrification can be (EPA, 
1975).
 ௕ ൌ ଵ೎೏ ൌ ௕ܻ כ ݍ௕ െ ܾே     (32)
Where µb is the growth rate of heterotrophic or-
ganisms (h-1), qb is the removed substrate rate (mg 
BOD/ mg VSS day), Yb is the coefficient of hete-
rotrophic organisms (mg VSS/mg BOD), θc
d is the 
time of retention of solids (days), which can be :
  � 1�
    (33)
The above expresses that µN>µb if the condition 
is that the pH and the DO do not have a limiting 
growth rate in the nitrification.
Just as there are biological kinetic coefficients 
for the stabilization of organic matter, there are 
also kinetic coefficients for nitrification; these are 
presented in table 2, which shows the optimum 
values and recommended ranges according to di-
fferent authors, which are applicable to the aero-
bic biological treatment at a water temperature of 
20 °C (Metcalf & Eddy, 2003; Crites, 2000; Ferrer, 
2008; Orozco, 2005 and EPA, 1975).
The second stage is Denitrification, during 
which, nitrates are reduced to gaseous nitrogen, 
which is released into the atmosphere. To carry out 
this process, the organisms need a source of organic 
carbon, which can be the organic matter contained 
in the wastewater (organic compounds contained in 
raw wastewater) or applied externally such as me-
thanol (easily biodegradable and that is the reason 
for a higher denitrification velocity) or as endoge-
nous carbon source (it is a much slower process). 
The efficiency of the denitrification process depends 
on several factors: a) the dissolved oxygen, b) the 
carbon source used, c) the concentration of nitrites, 
d) the temperature, e) the pH and f) the presence of 
inhibitor and toxic substances (Droste, 1997; Met-
calf & Eddy, 2003 and Randall, 1992).
It is important to establish that this process con-
tains a high presence of carbon, on that basis, an 
expression can be related as follows (Pérez, 2007):
 
���
���� �
2.867
� � ��.��� � �����   (34)
where N – NO3 is the concentration of nitrate avai-
lable (mg/L), YNET is the yield of the biomass accor-
ding to COD (mg VSS/mg COD), COD in mg/L, 
and these variables assumes that the COD and the 
VSS produced are 1.42 g COD/g VSS and that the 
biomass contains approximately 10% nitrogen. 
In the denitrification reactions, the elimination 
of NO3 is much slower (Pérez J., 2007), therefore 
Table 2. Kinetic coefficients for nitrificant aerobic systems.
Type of 
Wastewater Author 
μ MaxN μ MaxN KN KN YN YN bN bN
d-1 d-1 mg/L N -NH4
mg/
L N -NH5
mg SSV/
mg N -NH4
mg SSV/
mg N -NH4
d-1 d-1
Range Optimum Range Optimum Range Optimum Range Optimum 
Domestic Metcalf & Eddy (2003) 0,3 - 3,0 1 0,2 -5,0 1,4 0,1 - 0,3 0,2 0,03 - 0,06 0,05
Domestic Crites & Tchobanoglous (2000) 0,4 - 2,0 0,9 0,2 -3,0 0,5 0,1 - 0,3 0,16 0,03 - 0,06 0,04
Domestic Ferrer (2008) 1 0,24
Domestic Park (2008) 0,3 - 0,65 0,33 1 0,05 - 0,1 0,1 0,04 - 0,24
Domestic Orozco (2005) 0,48 - 0,71 0,08 - 1,0 0,405 0,15 - 0,6 0,6 0,02 - 0,03 0,02
Domestic EPA (1975) 0,25 - 1,44 0,5 - 1,0 0,15
Source: own work.
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the equation is expressed as follows (Park, 2008): ݀ܰ
݀ܶ ൌ ܭ஽ே כ ܺ , where N is the concentration of nitra-
tes (mg/L), KDN is the specific denitrification cons-
tant (mg N/mg VSS day); but is also expressed as 
follows, since it is an expression of Monod (Pérez 
J., 2007; Metcalf & Eddy, 2003; Crites, 200 and 
EPA, 1975), in which the velocity of growth of the 
denitrificant microorganisms is related to the con-
centration of nitrate, as follows:
 �� � ����� ∗
���
��� � ���    (35)
Where µDN is the specific velocity of growth of 
the denitrificant microorganisms (d-1), µMaxDN the 
maximum velocity of specific growth of the de-
nitrificant microorganisms, (d-1).NNO is the con-
centration of N-NO3 (mg/L) and KNO: constant of 
semi-saturation for denitrification (mg/L), the usual 
values are between 0.1 and 0.2 mg/L. The afore-
mentioned expression can be transformed in order 
zero, if KNO is much smaller than NNO. The veloci-
ty of growth of the denitrificant microorganisms is 
very similar to that of aerobe heterotroph organis-
ms; therefore, greater than the nitrificants. Additio-
nally, it can be expressed (EPA, 1975):
 ݍ஽ே ൌ
஽ே
஽ܻே
  (36)
where qDN is the nitrate removal rate (mg N –NO3/ 
mg VSS day), YDN is the gross yield of the denitri-
fication (mg VSS/ mg N – NO3). Consequently, the 
velocity of nitrate decrease present in the system 
can be related to the specific growth velocity of 
the microorganisms, and its expression can be (Fe-
rrer, 2008):
 �� � � ∗ ������������ ∗
���
��� � ���   (37)
It is also important to mention that the expres-
sion for the gross yield of denitrification can be 
(EPA, 1975):
 ஽ܻே
ெ஺௑ ൌ ஽ܻே כ ݍ஽ே െ ܭௗݍ஽ே    (38)
where YDN
MAX is the maximum rate of denitrifi-
cation (mg VSS/ mg N – NO3), kd is the coeffi-
cient of decay (d-1). In addition, there is an effect 
on the concentration of carbon according to the 
Monod type, which affects the velocity of nitra-
te removal, given the source of carbon, accor-
dingly, the concentration of nitrate as well as the 
concentration of organic substrate (carbon), limit 
the velocity of nitrification, and on this basis it is 
expressed as follows (Metcalf & Eddy, 2003 and 
Crites, 2000):
 �� � ����� ∗
�
�� � �   (39)
Where µDN is the specific velocity of growth of 
the denitrificant microorganisms (d-1), µMaxDN the 
maximum velocity of the specific growth of the 
denitrificant microorganisms, (d-1). C is the con-
centration of carbon or organic substrate (mg/L) 
and KC: the constant of semi-saturation for the car-
bon source (mg/L), it presents very low values in 
comparison with the organic matter represented 
as BOD or COD, therefore, the usual value is 0.1 
mg/L. Then, for the denitrification process to take 
place, a combination of reactions can be made, of 
both, nitrate as well as organic substrate (methanol 
in some cases as carbon source), as follows:
 ஽ே ൌ ெ௔௫஽ே כ ൬
ܥ
ܭ஼ ൅ ܥ൰ כ ൬
ܰேை
ܭேை ൅ ܰேை൰   (40)
In some cases, KNO can be low, indicating that 
concentrations between 1 and 2 mg/L N – NO3 
present very little effect on the velocity of de-
nitrification. This constant can have corrections 
for water temperature as follows (Park J., 2008):
      , but if the temperatu-
re of water is below 13 °C, then the equation is: 
      .
Just as there are biological kinetic coefficients 
for nitrification, there are also kinetic coefficients 
for denitrification, which are presented in table 3, 
which shows the optimum values and recommen-
ded ranges according to several authors, and which 
are applicable in the aerobic biological treatment 
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at a water temperature of 20 °C (EPA, 1975; Met-
calf & Eddy, 2003 and Park, 2008).
ELEMENTS OF THEORETIC SIMILITUDE 
IN THE KINETICS OF BIOLOGICAL 
GROWTH
One of the elements of similitude in the kinetics of 
biological growth, for the stabilization of organic 
matter, the nitrification and the denitrification is 
the consideration of utilizing growth rates for con-
ditions of limiting substrate, in this way this grow-
th is present according to the concentration which 
can be expressed mathematically through the Mo-
nod equation, as a common denominator, but it is 
worth highlighting that when these equations are 
used with high concentrations or concentrations 
above normal for the substrate, the progress of 
the expression may have growth limitations, crea-
ting barriers to the biodegradability reactions in 
Table 3. Kinetic coefficients for denitrificant aerobic systems.
Type of 
Wastewater Author μ MaxN μ MaxN KNO KNO YDN YDN kd kd
d-1 d-1 mg/ L N -NO3
mg/ 
L N -NO3
mg SSV/ 
mg N -NO3
mg SSV/ 
mg N -NO3
d-1 d-1
Range Optimum Range Optimum Range Optimum Range Optimum 
Domestic Metcalf & Eddy (2003) 0,3 - 0,9 0,3 0,06 - 0,2 0,1 0,4 - 0,9 0,8 0,04 - 0,08 0,04
Domestic EPA (1975) 0,16 - 0,9 0,06- 0,16 0,45 - 1,4 0,02 - 0,10
Domestic Park (2008) 0,36 0,072 - 0,72 0,45 0,04
Source: own work.
Table 4. Similitudes of the biological kinetics
Type of biological kinetic Specific growth rate Adjustment for water temperature 
Monod – Organic Matter μ  μ     
μ  μ  θ  
Monod – Nitrification μ  μ     
μ  μ    
Monod – Denitrification μ 
μ  
    μ    
   
Source: own work.
nitrification and denitrification conditions, but in a 
different condition for organic substrates, carbona-
ceous organic matter and even dissolved oxygen. 
Table 4 shows the similitude in the equations using 
the Monod expression, additionally, the same ten-
dency is observed in the temperature correction for 
each biological kinetic.
Another element of similitude is the high de-
pendency of water temperature, pH, nutrients and 
the type of microbian consortium present, on each 
of the biological kinetics equations for organic ma-
tter, nitrification and denitrification, as well as a 
correction given for the energy required for the sta-
bilization expense of organic matter, nitrification 
and denitrification, which is known as endogenous 
decay. In terms of kinetic coefficients for organic 
matter, nitrification and denitrification, great con-
cordance is observed in the values among themsel-
ves, in spite of the variation of liquid waste in some 
cases, and in others the testing conditions.
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CONCLUSIONS
In general, it can be expressed that the theoreti-
cal elements of similitude between the biologi-
cal kinetics for organic matter, nitrification and 
denitrification, build fundamental and concise 
considerations for the dimensioning process of 
wastewater treatment systems, in which they are a 
solid and explanatory base of the processes invol-
ved in the conversion of the substrate into another 
element or byproduct as a result of the biological 
activity. That is, the study of kinetics determines 
the velocity, at which the microorganisms degra-
de a specific residue to the special conditions of 
the treatment, which provides the basic informa-
tion necessary to determine the adequate size of 
the aerobic, anaerobic or hybrids biological reac-
tors, namely, the design of the wastewater treat-
ment systems.
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